In dogs, diets are often used to modulate behavioral disturbances related to chronic anxiety and stress caused by intense and restless activity. However, the traditional ways to monitor behavioral changes in dogs are complicated and not efficient. In the current clinical evaluation, a new, simple monitoring system was used to assess the effectiveness of a specific diet in positively modulating the intense and restless activity of 24 dogs of different ages and breeds. This protocol describes how to easily and rapidly evaluate improvement in a set of symptoms related to generalized anxiety by using a specific sensor, a mobile phone app, a wireless router, and a computer. The results showed that dogs treated with specific diets showed significant improvement in the times spent active and at rest after 10 days (p < 0.01 and p < 0.05, respectively). These dogs also showed an overall significant improvement in clinical and behavioral symptoms. A specific sensor, along with its related hardware, was demonstrated to successfully monitor behavioral changes relating to movement in dogs.
Introduction
Dogs are generally recognized as the most devoted domesticated animals that live with humans. They are often considered to be family members whose behavioral changes are regarded as serious concerns, especially when these changes threaten their physical integrity and general wellbeing 1 . Therefore, the development of adjuvant approaches to common therapies for relieving canine behavioral disturbances would help families to improve the quality of life of their dogs, avoiding unwanted phenomena such as dog abandonment and euthanasia 2 . Most of these behavioral disturbances are related to anxiety caused by stress, and the anxiety may become pathological without proper intervention 1, 3 .
It has been hypothesized that anxiety disorders in dogs are caused not only by significant life changes, but also by chronic or post-traumatic stresses that can alter their homeostasis and can consequently lead to adaptation disorders 1, 3 . This study is based on a clinical evaluation of behavioral disturbances mainly ascribed to generalized anxiety. The typical clinical symptoms of this disorder include constant or increasing reactivity, body and environmental exploration, activation, alertness, and excessive barking; it also often affects the social interactions between dog and owner 1, 4, 5 . The predisposing factors could be intrinsic, such as genetics, or extrinsic, such as environmental stimuli 1, 6 . In fact, the aforementioned clinical symptoms can become frequent even without a triggering environmental stimulus. In this sense, the study of the origin of these factors becomes essential for proper diagnosis and subsequent therapy.
The most common therapies for generalized anxiety rely on counterconditioning and desensitization techniques, where the dog learns how to behave once faced with a stimulus that causes anxiety, or on a pharmacological approach based on anxiolytic drug administration 7 . Based on these considerations, 24 dogs affected by behavioral disturbances mainly ascribed to generalized anxiety received a counterconditioning and desensitization behavioral therapy combined with a nutraceutical diet for 10 days. The diet consisted of a mixed formula of fish proteins, rice carbohydrates, Punica granatum, Valeriana officinalis, Rosmarinus officinalis, Tilia spp, tea extract, and L-tryptophan, with an omega-3:-6 ratio of 1:0.8. Literature reports clearly evidenced that P. granatum is used to treat chronic anxiety and insomnia 1, 8 , while Valeriana officinalis is used for mild sleep disorders and nervous tension 9, 10 . Furthermore, anti-anxiety and anti-depressant effects have been observed after Rosmarinus officinalis [11] [12] [13] [14] and Tilia spp 15, 16 consumption. L-theanine, one of the tea constituents, has been shown to play a role in reducing stress and decreasing heart rate in chronic anxiety 17, 18 . Conversely, many studies reported the onset of anxiety, mood, and depressive symptoms after Ltryptophan depletion and/or an omega-3 deficiency 6. Bark Recording 1. Fix a digital voice recorder to the wall of each box at the beginning of the study. 2. Start recording the bark activity.
1. Every day, before acquiring new data, connect the digital voice recorder to a computer by means of a retractable USB connector provided along with the recorder. 2. Drag the folder with voice data from the device to the computer and rename it with the current date.
3. Repeat steps 6.2.1 -6.2.2 every day for 10 days. 4. At the end of the evaluation transform (in s) the bark time recorded. Summarize the bark time for each group before and after 10 days. Plot the data on a statistical software.
Representative Results Table 1 shows the daily amount of nutraceutical diet suggested by the manufacturer. In Figure 1 , the daily mean activity and rest times spent by dogs belonging to the SD and ND groups during the evaluation period are shown. For instance, a significant decrease from a T0 value of 7,343 ± 611.7 to a T1 value of 5,093 ± 526.5 was observed in the ND group after 10 days, while no significant difference was observed in the SD group (Figure 1A, *p < 0.05). Conversely, the daily mean rest time significantly increased from a T0 value of 7.6 ± 0.3 h to a T1 value of 9.5 ± 0.3 h in the ND group after 10 days (**p < 0.01), while no significant difference was observed in the SD group ( Figure 1B) .
Regarding behavioral symptoms, a reduction of the mean intensity of marking, from 2.50 to 2.41, was observed in dogs belonging to ND group, while no difference was observed in those belonging to the SD group (Figure 2A) . On the contrary, anxiety, diffidence, and irregular biorhythm showed a significant reduction in dogs belonging to the ND group, from a T0 value of 2.50 ± 0.19 to a T1 value of 1.16 ± 0.11 (***p < 0.001, Figure 2B ), from a T0 value of 2.08 ± 0.28 to a T1 value of 1.17 ± 0.12 ( Figure 2C , *p < 0.05), and from a T0 value of 2.08 ± 0.28 to a T1 value of 1.08 ± 0.08 ( Figure 2D , **p < 0.01), respectively. No significant difference was observed in the respective SD groups. Also, reactivity, activation, irritability, alertness, environmental exploration, and attention requirement mean intensities showed significant reductions after ND supplementation. In particular, reactivity decreased from a T0 value of 2. In Figure 3 , the mean intensities of clinical symptoms in dogs belonging to the SD and ND groups, before (T0) and after the 10-day evaluation period (T1), are shown. Dandruff significantly decreased from a T0 value of 2.33 ± 0.14 to a T1 value of 1.08 ± 0.08 ( Figure 3A , ***p < 0.001). Also, itchiness, flush, seborrhea, and fur opacity significantly decreased from a T0 value of 2.08 ± 0.26 to a T1 value of 1.04 ± 0.05, from a T0 value of 2.11 ± 0.24 to a T1 value of 1.16 ± 0.11, from a T0 value of 2.35 ± 0.25 to a T1 value of 1.33 ± 0.14, and from a T0 value of 2.22 ± 0.13 to a T1 value of 1.41 ± 0.15, respectively ( Figure 3B -E, *p < 0.05). A similar trend was observed for vomiting, diarrhea, flatulence, lachrymation, and anal sac repletion scores, which significantly decreased from a T0 value of 2.75 ± 0.10 to a T1 value of 1.58 ± 0.17 ( Figure 3F The data were analyzed using graphing and statistical software. All data are presented as ± the standard error of the mean and were first checked for normality using the D'Agostino-Pearson normality test. Differences in activity, rest and barking time as well as symptoms during the evaluation period were analyzed using a two-way ANOVA test followed by Tukey's multiple comparisons test. p < 0.05 was considered significant.
It is worth noting that, at the beginning of the study, each dog was automatically assigned by the mobile app software to achieve a desired daily activity according to weight, age, and breed. After treatment, all dogs belonging to the ND group showed a significant decrease in the mean daily activity (p < 0.05) with respect to SD group, which was even lower than expected, and a consequent significant increase in daily mean rest time (p < 0.01). These results were also well correlated with consequent clinical symptoms and signs (Figures 2 -3) , demonstrating significant improvement as well as a significant reduction in barking time (Figure 4 , p < 0.001). Taken together, all these considerations strengthened the efficacy of the ND in improving the results of common behavioral therapies for generalized anxiety. These results are also in agreement with our recent paper, which described the efficacy of a similar diet in relieving some of the clinical symptoms, such as dandruff, itchiness, flush, diarrhea, and flatulence, that have all been taken into account in this study 26 .
It is also worth noting that clinical symptoms might also be the manifestation of an overall inflammation status, with a consequent oxidative stress imbalance. Inflammation is also known to contribute to the etiology of anxiety disorders, depression 27 , and neurotransmitter activity 28 . In this sense, we recently identified a specific compound, oxytetracycline, as a possible agent able to trigger an inflammatory condition both in and in vivo 31, 32 . Oxytetracycline belongs to the class of tetracyclines, which are the most widely and legally used antibiotics in intensive farming (e.g., poultry 30 , livestock 33 , and aquaculture 34 ) due to their low cost and high efficacy 35 . Unfortunately, oxytetracycline also has a high affinity for calcium-rich tissues, such as bone and teeth 36 , and can remain fixed in treated animals for extended periods, even respecting withdrawal time 30 . Moreover, pet food production relies on meat (mainly poultry) by-products, which are mechanically separated 37 . This kind of separation generates a bone-based meal bearing oxytetracycline residues that are present in commercially available diets (canned, semi-moist, and dry) at 20 -30% and can accumulate within a pet's body.
Concerning the ND group, it is reasonable to hypothesize that the mean score intensity reduction of all clinical symptoms was thus a consequence of the anti-inflammatory and antioxidant effect of the nutraceutical substances Punica granatum 38 , Valeriana officinalis 39 
,

Rosmarinus officinalis
40
, Tilia spp 41 , tea extract 42 , and polyunsaturated fatty acids (PUFA) present within the diet. For instance, PUFA have been show to modulate behavioral symptoms in attention-deficit hyperactivity disorder (ADHD) patients and in aggressive dogs 43 . These dogs had lower docosahexaenoic acid (DHA) levels than normal, as well as a higher omega-6:omega-3 ratio 44, 45 . 
Discussion
Both SD and ND were two commercially available diets that completely fulfill the recommendations for protein, carbohydrate, and fat content according to the nutritional guidelines for complete and complementary pet food. However, in the ND, nutraceutical substances, such as Punica granatum (0.0457%), Valeriana officinalis (0.026%), Rosmarinus officinalis (0.000044%), Tilia spp (0.0635%), tea extract (0.031%), and Ltryptophan (0.0329%), were added. It is noteworthy that this clinical evaluation was inspired by a previous trivial evaluation where 2 dogs with evident behavioral symptoms mainly ascribed to generalized anxiety showed significant improvements after 3 days of ND supplementation. Here, we successfully used the same ND with 24 dogs presenting behavioral symptoms mainly ascribed to generalized anxiety.
The only critical step that occurred in the protocol was related to the Wi-Fi connection. In some boxes, the sensor signal did not reach the WiFi station and therefore did not provide any data on the activity of the dogs. Thus, a Wi-Fi range extender was used to completely cover the distance between those boxes and the Wi-Fi station. Many studies have been performed to validate the usefulness of small, lightweight, motionsensing accelerometers for pets 44 and humans [46] [47] [48] [49] [50] [51] [52] [53] [54] . The sensor used in this clinical evaluation presents some limitations with respect to the goldstandard method of using a video camera 55, 56 , such as a lack of specificity in distinguishing rest activity from sleep and general motion from an anxiety-related one. On the other hand, the sensor allows for the easy and fast detection of movement, as well as the ability to monitor daily improvements by means of a mobile phone app. Moreover, with respect to the other commercially available devices, this new sensor has a lower weight and price, can be worn by a dog of any weight, and has a long-lasting (~ 14 days) battery life. Moreover, because of the Wi-Fi station, it does not require the owner to be close to the dog while it is registering the improvements [57] [58] [59] . In fact, after registration with the website of the product company, the station can gather and store information that can be seen either on a computer or on a mobile device, even at a long distance (i.e., beyond the Bluetooth and Wi-Fi range). Possible further applications of this sensor will be the monitoring of excessive movement in dogs affected by separation anxiety [47] [48] [49] [50] [51] [52] [53] [54] , abnormal repetitive behaviors 60 , or narcolepsy 61 once left alone at home.
Our results pave the way for a different short-term approach to manage dogs with behavioral symptoms mainly ascribed to generalized anxiety disorders, allowing the owner to re-establish a mutual attachment relationship with the dog. In conclusion, a better understanding of dog behavior, both by pet owners and by behavioral experts able to recognize behavioral and clinical symptoms related to generalized anxiety, might be coupled with a specific diet in order to ensure a better quality of life for the animals.
